Objective: Examine psychological and behavioral predictors of 3-year weight loss maintenance in women. Methods: Participants were 154 women in a 1-year randomized controlled trial on weight management with a 2-year follow-up. Signal detection analyses identified behavioral and psychological variables that best predicted 5% and 10% weight loss at 3 years. Results: Women with better body image were more likely to have lost 5% weight at 3 years (P < 0.001). Exercise intrinsic motivation had a partial compensatory effect, in that women with poor body image but higher motivation were more likely to maintain weight loss than women with poor body image and lower motivation (P < 0.001). Women with high exercise autonomous motivation were three times more likely to have lost 10% weight than were those with lower autonomous motivation (P < 0.001). Among women with lower autonomous motivation, perceiving fewer exercise barriers was somewhat compensatory: these women were more likely to maintain weight loss than women with lower autonomy but more perceived barriers (P < 0.01). Conclusions: In overweight women, improving body image and increasing autonomous and intrinsic motivation for exercise likely promotes clinically significant long-term weight loss maintenance. Decreasing perceived exercise barriers is another promising intervention target.
Introduction
Long-term weight loss maintenance is a major challenge. Success rates of individuals who are overweight and try to maintain longterm weight loss are 20% at most (1) . Typically, one-third of weight lost is regained within 1 year and the other two-thirds within 3-5 years (2) . Identifying behavioral and psychological predictors of successful long-term weight loss maintenance is therefore essential to make obesity interventions more effective.
A review of psychosocial pre-treatment predictors of long-term weight control identified few previous weight loss attempts and an autonomous, self-motivated regulatory style as the best prospective predictors (3) . Evidence for other variables, such as positive body image, eating selfefficacy, or few perceived barriers to exercise, was mixed or weak. A broader, conceptual review identified a large set of putative predictors of weight loss maintenance (4) , including a physically active lifestyle and high social support (i.e., perceived emotional and practical support from significant others), self-efficacy (i.e., the belief in one's ability to maintain weight loss), and autonomy (be causal agent of one's actions). A recent systematic review of self-regulation mediators of weight control suggested that the most consistent predictors of long-term weight change are exercise autonomous motivation (a concept that includes both intrinsic and meaningful extrinsic motives, such as improving health), exercise self-efficacy, low perceived barriers to exercise, flexible eating restraint (i.e., conscious attempts to monitor and regulate food intake in a flexible way), positive body image, and self-regulation skill use (e.g., self-monitoring, planning, goal-setting) (5) .
Although these reviews provide insights critical for understanding the role of behavioral and psychological factors in long-term weight management, the quality and nature of the predictors assessed were very heterogeneous, meaning that any conclusions drawn must be tentative. Moreover, there is a dearth of studies systematically examining a wide range of behavioral and psychological predictors of long-term weight loss beyond 12 months. This study contributes to filling this gap by examining psychological and behavioral predictors of 3-year weight loss maintenance in overweight women involved in a lifestyle weight management intervention. We conducted an exploratory data analysis of a large set of behavioral and psychological predictors of weight loss maintenance to create a hierarchy of predictors/profiles of successful weight maintenance. Importantly, the predictors examined were selected on the basis of theoretical considerations and systematic empirical reviews of long-term weight maintenance.
Methods

Study design
The data presented here are from the longitudinal randomized controlled trial "Promotion of Exercise and Health in Obesity" (PESO; see Ref. (6) for a detailed description). Briefly, PESO consisted of a 1-year behavioral weight management intervention and an additional 2-year follow-up period. The aim was to promote long-term weight control by increasing participants' autonomous motivation toward exercise and eating. The intervention was based on principles from self-determination theory and aimed at encouraging participants to increase their physical activity and energy expenditure and adopt a moderately restricted diet (6) . The control group received a general health education curriculum, comparable in duration, and intensity to the treatment of the intervention group. The Institutional Review Board of the Faculty of Human Kinetics, Technical University of Lisbon, approved the study.
Participants
Participants were women recruited from the community at large; they gave written consent for participation. The sample was restricted to women (a) to obtain a more homogeneous sample and (b) because women have a higher risk of weight gain and particularly high rates of obesity (7) .
Participants fulfilled the following inclusion criteria: female, between 25 and 50 years old, premenopausal, body mass index (BMI) between 25 and 40 kg/m 2 , willing to attend weekly meetings for 1 year, free from major illnesses, not taking medication known to interfere with body weight. A total of 258 women completed the initial assessments. Of those, 13 started taking medication potentially affecting body weight, 4 were diagnosed with severe illness or injury, 11 became pregnant, and 9 entered menopause. The data from these 37 women were excluded from analyses, leaving 221 eligible baseline participants. A total of 156 women completed the 3-year follow-up assessments (71% overall retention). For the analyses reported here, 2 women without anthropometric data at 3-year follow-up were excluded, leaving a final sample of 154 women. Women who completed the 3-year assessments did not differ from those who quit the program in terms of demographic or baseline psychological variables except for age: women who dropped out were on average 3 years younger (see Ref. (8) for a detailed description of dropouts).
Measurements
After the 1-year intervention, participants completed a comprehensive, theoretically motivated battery of psychometric instruments (9) . If validated Portuguese versions of the instruments were not available, instruments were translated and back-translated from English to Portuguese; congruence with the factor solutions of the original questionnaires were verified by factor analyses (data not shown). Higher scores always represent higher manifestations of the psychometric variables. Cronbach's a was calculated to assess internal consistency for each (sub-)scale that was included in the analyses.
General and exercise motivation. General self-determination was assessed using the self-determination scale (10): statements forming two subscales describe individual differences in self-determined functioning (awareness of self subscale, a 5 0.68; perceived choice subscale, a 5 0.82). Different types of exercise motivation were measured with the exercise self-regulation questionnaire (11), which comprises two major subscales: controlled (a 5 0.56) versus autonomous (a 5 0.86) exercise motivation. Dimensions of intrinsic motivation for exercise (enjoyment, competence, importance, absence of pressure toward exercise) were further explored using the intrinsic motivation inventory (Ref. (12) ; a 5 0.94). The exercise motives inventory -2 (13) assessed intrinsic (a 5 0.79), and extrinsic exercise goals (a 5 0.51). Beliefs in being able to adhere to an exercise program for at least 6 months under varying circumstances were evaluated using the self-efficacy for exercise behaviors scale (Ref. Eating behavior and eating habits. The Three-Factor Eating Questionnaire (24,25) assessed flexible cognitive restraint (a 5 0.63), rigid cognitive restraint (a 5 0.62), eating disinhibition (a 5 0.74), and perceived hunger (a 5 0.76). Energy, fat, and fiber intake were evaluated using a semiquantitative food-frequency questionnaire (26) covering the 12 preceding months. Dietary intake was calculated by multiplying the consumption frequency of each of 86 food items with its standard portion in grams (g) and by a seasonal variation factor for food ingested at specific times. Food information was converted into nutrients with the software Food Processor Plus V R (ESHA Research, Salem, Oregon).
Physical activity. Duration of moderate plus vigorous physical activity (3 metabolic equivalents or METs) per week was estimated with the 7-day physical activity recall scale (27) . Lifestyle physical activity was assessed using the lifestyle physical activity index (9) . This self-administered instrument measures habitual lifestyle physical activities typical of the last month (a 5 0.83).
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Body weight. Body weight was measured twice, with an electronic scale calibrated onsite and accurate to 0.1 kg (SECA, Hamburg, Germany), in the morning, after participants had fasted for 3 h. Weight was expressed as percent weight change from baseline to the end of the study (after 3 years total).
Statistical analyses
Intervention and control groups were collapsed for the analyses: 1-year (post-treatment) data were used to predict 3-year outcomes. This approach was taken because (a) all women in the study intended to lose weight; (b) women in both groups had a comparable amount of contact with health professionals; (c) collapsing the two groups led to a greater variability in behavioral and psychological aspects, and our objective was to identify universal predictors of long-term weight management.
Descriptive analyses were conducted using the IBM Statistical Package for the Social Sciences, version 22. The significance level for analyses was set at P < 0.05. Pearson correlations with Bonferroni's corrections were used to examine associations between the predictor variables and weight change at the end of the follow-up period.
To systematically identify subgroups of individuals who were homogeneous with respect to outcome and predictor variables (28, 29) , we conducted signal detection analyses using signal detection software for receiver operator characteristics (ROC) (30) . This recursive partitioning method is especially useful in exploratory analyses that are likely to involve multicollinearity and interactions between predictors and for generating strong hypotheses to be tested in subsequent validation samples or future tailored interventions (28, 29) . The signal detection analysis proceeds in a forward iterative fashion and uses v 2 tests to divide the sample into two mutually exclusive and maximally discriminated subsamples. This empirical process is repeated systematically within each subsample and continues until the number of subjects falls below a specified level or until the most efficient cutoff is no longer significant.
The present signal detection analyses identified characteristics that best predicted 3%, 5%, and 10% weight loss at the end of the follow-up (3-year measurement). Three dichotomous outcome variables (signals) were created: (a) yes/no 3% weight loss; (b) yes/ no 5% weight loss; (c) yes/no 10% weight loss, all from baseline to 3-year measurement. A set of 28 predictor variables was examined. All predictors were continuous variables and were simultaneously entered into the analysis. Additionally, belonging to the intervention versus control group was included as nominal predictor variable to test whether the relation between predictors and outcome was confounded by the intervention effect. The significance level for split subsamples was P < 0.05; the minimum number of cases within each subgroup was set at 10 and the number of iterations set at 100.
To compare the psychological and behavioral profiles of the most and least successful subgroups emerging from signal detection analysis, we used independent-samples t tests, corrected for multiple testing using the Bonferroni's procedure. The desired significance level, <0.05, was divided by the number of tests (n 5 26 for t tests; n 5 28 for Pearson's correlations), resulting in an adjusted value of P < 0.0019 for difference (P < 0.0018 for associations).
Results
Sample characteristics and descriptive results
Women who completed the 3-year assessment had a mean age of 38.7 years (SD 5 6.6) and a mean BMI of 29.8 kg/m 2 (SD 5 4.2) at the end of the intervention. The main effects of the intervention and follow-up are described in detail elsewhere (8, 31) . In brief, at the end of the follow-up (3-year measurement), average weight loss was higher in the intervention group (23.06 6 6.1 kg) than in the control group (21.00 6 5.8 kg), as was improvement in many of the psychological and behavioral targets (8) . Table 1 shows the descriptive statistics and bivariate correlations of motivational, psychological, eating-related behavior, and physical activity variables with weight change at the end of the follow-up. Numerous predictor variables were highly correlated in the expected direction with weight change at the 3-year measurement.
Signal detection analyses to identify successful subgroups
The tree diagrams in Figures 1 and 2 display the most successful versus least successful subgroups identified by means of signal detection analysis. Results for the 3% weight loss outcome were identical to those for the 5% outcome. Given that achieving a 5% weight loss can be assumed to produce clinically more meaningful health benefits (32), we report only these results. Figure 1 shows the hierarchy of predictors of at least 5% weight loss at the 3-year measurement. A total of 34% (n 5 52) of participating women achieved the 5% weight loss criterion. Self-ideal body size discrepancy emerged as the predictor variable that best differentiated between the high and low success subgroups (v 2 5 14.8, P < 0.001): of those with a low self-ideal body size discrepancy (i.e., a more positive body image), 54% (n 5 29) met the success criterion. In contrast, only 23% (n 5 23) of those with a high self-ideal body size discrepancy (2) achieved 5% weight loss after 3 years.
No additional predictor further differentiated women in the most successful group. The subgroup of participants with a high selfideal body size discrepancy was further divided into those with lower versus higher exercise intrinsic motivation (v 2 5 12.5, P < 0.001): Those with high exercise intrinsic motivation (64) were significantly more likely to achieve 5% weight loss at 3 years (41%; n 5 17) than those with low exercise intrinsic motivation (10%; n 5 6). Thus, high exercise intrinsic motivation proved somewhat compensatory for women with a high self-ideal body size discrepancy in terms of achieving 5% weight loss after 3 years. Table 2 summarizes the psychological and behavioral profiles of the most and least successful subgroups identified in Figure 1 . The most successful subgroup (i.e., women with low self-ideal body size discrepancy) showed a more positive profile concerning the psychological and behavioral predictor variables than the least successful subgroup. Figure 2 shows the hierarchy of predictors of at least 10% weight loss at 3 years. Of the full sample of 154 women, 27 (18%) achieved 10% or more weight loss at the 3-year measurement. Exercise autonomous motivation was identified as the most powerful predictor (v 2 5 13.2, P < 0.001): women with high exercise autonomous motivation (54) more often succeeded in achieving at least 10% weight loss (36%; n 5 15) than did those reporting low exercise autonomous motivation (11%; n 5 12).
Again, no additional predictor differentiated participants in the most successful group. However, among women with low exercise autonomous motivation, the next best variable to differentiate the sample was perceived barriers to exercise (v 2 5 7.3, P < 0.01). Participants with low perceived barriers to exercise (<27) were more likely to succeed (22%; n 5 8) than those with high perceived barriers (5%; n 5 4).
The psychological and behavioral profiles of the most and least successful subgroups as shown in Figure 2 are described in Table 3 . The most successful subgroup showed a more positive profile concerning psychological and behavioral variables, similar to the most successful group at the 5% criterion. In addition, significant differences in physical activity patterns were observed, in favor of the most successful subgroup. In contrast, the least successful subgroup showed poorer body image and higher impact of weight on quality of life.
Discussion
This study sought to identify effective psychological and behavioral predictors of 3-year weight loss maintenance. Three clinically meaningful magnitudes of weight loss were examined: 3%, 5%, and 10%. Results for 3% and 5% weight loss after 3 years were identical: Women with a more positive body image after the 1-year intervention were most likely to achieve at least 3% or 5% weight loss. In addition, high intrinsic motivation for exercise buffered the effect of poor body image: Women with poor body image who showed high intrinsic motivation for exercise were the group second most likely to achieve 3% or 5% weight loss over time. Among women who had achieved 10% or more weight loss, high exercise autonomous motivation at the end of the 1-year intervention was the strongest predictor of 3-year weight loss maintenance.
To our knowledge, this is the first study applying signal detection methods to identify behavioral and psychological characteristics associated with long-term weight loss maintenance in women participating in a lifestyle weight management intervention. The signal detection method allowed us to compare the importance of different behavioral and psychological factors for long-term weight loss maintenance, and to explore interacting effects between those factors.
Variables related to both motivational and psychological well-being emerged as the most efficient predictors of 3-year weight loss maintenance. These results are consistent with a recent systematic review TABLE 2 Psychological and behavioral profiles of the most and least successful subgroups emerging from the decision tree for 5% weight loss Low self-ideal body size discrepancy (<2) (n 5 54, 53.7% achieved 5% weight loss) High self-ideal body size discrepancy (2) and low exercise intrinsic motivation (<64) (n 5 58, 10.3% achieved 5% weight loss) P Values expressed as mean 6 SD. Statistically significant differences resulting from independent-samples t test are represented in bold type [significance level is Bonferroni's corrected (P < 0.0019)].
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on self-regulation mediators of weight control, which identified positive body image and autonomous motivation among the key predictors of successful weight outcomes (5). Among people seeking treatment, poor body image predicted poorer weight outcomes and increased the chance of relapse (33), while positive changes in body image during treatment predicted long-term weight loss maintenance (31) .
Increases in exercise intrinsic motivation during treatment (i.e., increases in the experience of enjoyment, genuine interest, and/or feeling positively challenged) partially explain the long-term effects of weight control interventions (34) . Experiencing exercise as positive and meaningful rather than solely as a means to control weight increases successful long-term exercise adherence (35) . Further, intrinsic exercise motivation may also improve the motivation of other weight-related behaviors: Mata et al. found that exercise intrinsic motivation was associated with improved eating regulation during weight management (36) .
Importantly, among women with low exercise autonomous motivation having low perceived exercise barriers played a somewhat compensatory role. This finding underlines that successful weight loss maintenance depends on a number of factors. If a powerful aspect such as autonomous motivation is absent, it can be partially compensated for by other factors. For example, having low perceived exercise barriers (e.g., easy access to exercise facilities) may help individuals to regulate weight control behaviors, even when the quality of their motivation is less favorable. In sum, the present results support and extend previous findings by identifying body image and autonomous motivation as two promising targets for successful long-term weight management and pointing to additional candidate targets, such as reducing perceived barriers to exercise.
The present findings also highlight differences in the psychological and behavioral profiles of women who successfully lost weight in the long term versus those who did not. The most successful subgroups-women with a more positive body image and women with high exercise autonomous regulation-also showed higher psychological well-being, quality of life, and a more adaptive motivational profile (e.g., higher perceived choice and self-efficacy). This result is in line with previous findings that a more positive body image facilitates making healthy rather than appearance-based decisions, eventually promoting long-term weight management (31) . The present findings also speak to the importance of autonomous motivation in increasing quality of life, psychological well-being (37), physical activity (35) , and healthful eating behaviors (38) .
In sum, our findings of distinct psychological and behavioral profiles in women who successfully maintain weight loss highlight the importance of targeting body image and motivation quality as potential precursors of physical activity and eating regulation in weight management interventions. Targeting psychological factors underlying behavior, rather than attempting to directly influence behaviors, may be most successful. In fact, a recent study showed that a motivation-focused weight maintenance program offers an effective alternative approach to traditional skill-based programs for longterm weight control (39) . Also, the results of this signal detection analysis suggest that achieving more weight loss (10% or more) ismotivationally and cognitively-not simply a linear continuation of less weight loss (at least 5% or more), but may have qualitatively different underlying motivational and cognitive predictors. Importantly, however, exercise motivation was also one of the most important predictors for achieving lower weight loss, underlying its importance in the process.
Important limitations of this study include the homogeneous sample of previously overweight adult women, which may preclude generalization to other populations. Also, smoking habits, known to be related to weight control, should be assessed in future studies. Further, we used self-report measures to assess physical activity. However, the instruments used are valid and reliable measures, and such self-report measures are known to correlate with other behavioral assessments (e.g., based on accelerometry [40] ).
The present study used signal detection methods for an exploratory, hypothesis-generating analysis. Alongside with its statistical advantages, this method allowed to determine significant predictors in a hierarchical fashion, creating profiles of success. Furthermore, we identified cut-off points for the significant predictors. To our Figure 1 Hierarchy of predictors of 5% weight loss at the 3-year measurement.
The most (women with low self-ideal body size discrepancy) and least successful subgroups (women with high self-ideal body size discrepancy and low exercise intrinsic motivation) are shaded in gray. knowledge, the current study is the first to provide cut-off values of significant determinants of successful long-term weight loss maintenance (or lack thereof), which are of particular clinical relevance. For example, if exercise autonomous motivation is equal or higher than 54 points, the probability of maintaining 10% or more weight loss is significantly higher. While confirmatory evidence is needed, the present study is a step forward towards identifying groups with the most and the least successful profiles for long-term weight loss maintenance on the basis of their psychological and behavioral characteristics during treatment. O Values expressed as mean 6 SD. Statistical significance differences resulting from independent-samples t-test are represented in bold type [significance level is Bonferroni corrected (P < 0.0019)].
